The Van Nes rotationplasty is a useful limbpreserving procedure for skeletally immature patients with distal femoral or proximal tibial malignancy. The vascular supply to the lower limb either must be maintained and rotated or transected and reanastomosed. We asked whether there would be any difference in the ankle brachial index or complication rate for the two methods of vascular management. Vessels were resected with the tumor in seven patients and preserved and rotated in nine patients. One amputation occurred in the group in which the vessels were preserved. Four patients died secondary to metastatic disease diagnosed preoperatively. The most recent ankle brachial indices were 0.96 and 0.82 for the posterior tibial and dorsalis pedis arteries, respectively, in the reconstructed group. The ankle brachial indices were 0.98 and 0.96 for the posterior tibial and dorsalis pedis arteries, respectively, in the rotated group. Outcomes appear similar using both methods of vascular management and one should not hesitate to perform an en bloc resection when there is a question of vascular involvement.
Introduction
Borggreve [4] first described rotationplasty in 1930 as a treatment for limb shortening and knee ankylosis secondary to tuberculosis. Van Nes, in the 1950s, popularized this procedure for correcting c the location of the tumor and necessary bone resection. From the late 1970s to the present, the procedure has been popularized as a limbpreserving procedure for skeletally immature patients with distal femoral or proximal tibial sarcomas [18, 29] . There are numerous physical benefits to rotationplasty when compared with above-knee amputation. Cammisa et al. [6] compared the energy cost of ambulation in above-knee amputees with that of patients with a rotationplasty. They found ambulation by patients after rotationplasty required 38% of maximum aerobic capacity whereas above-knee amputees required 46% [6] . Rotationplasty maintains a functioning joint at the level of the knee. This results in a more efficient gait pattern and decreased oxygen consumption [2, 6, 29] .
However, numerous complications have been reported with this procedure, including nonunion, malunion, local recurrence, compartment syndrome, superficial infection, and deep infection [2, 6, 9, 13, 19] . One of the most serious potential complications involves vascular compromise of the reconstructed limb [11, 17, 20-22, 27, 32, 33] .
Currently, two methods of vascular management are reported. Patients may be treated by primary transection and reanastomosis, sparing only the sciatic nerve, when a tumor is suspected to involve the major vessels. This approach eliminates loops of redundant artery and vein and allows potentially improved resection margins. One report suggests resection of the vessels is obligatory when performing rotationplasty for tumors of the distal femur [35] . Alternatively, major vascular structures can be retained as dictated by tumor involvement, response to chemotherapy, and the ability to provide an adequate vascular bed distally. The vascular structures when mobilized are externally rotated 180°with the lower leg and looped with the sciatic nerve. Reports of complications in this group include pseudoaneurysm and prolonged distal ischemia eventually requiring vascular reconstruction [3] . Reported complications in the anastomosis group include thrombosis at the anastomosis, requiring vascular revision [9, 11, 17, 20, 21, 27, 32] . Currently, there is no consensus regarding whether one of the approaches results in a higher rate of complications.
We asked whether the ankle brachial index (ABI) or complication rate between the two groups would differ with the two methods of vascular management for rotationplasty.
Materials and Methods
We retrospectively reviewed 15 patients (10 boys, five girls) ranging in age from 7 to 13 years, with an average age of 11.5 years, who underwent rotationplasty between April 1991 and May 1998. We resected the distal superficial femoral and popliteal vessels with the tumor in seven patients (Group A). In the remaining eight patients, the vessels were mobilized for rotation without transection (Group B). All seven patients in Group A had distal femoral tumors managed with a Type A1 rotationplasty as described by Winkelmann [35] . Five patients in Group B had proximal tibial tumors managed with a Type A2 rotationplasty [35] . Three patients in Group B had distal femoral tumors and were managed with a modified Type A1 rotationplasty in that the vessels were not transected [35] . Fourteen patients had osteosarcoma and one patient had synovial sarcoma. The patient with synovial sarcoma underwent rotationplasty as a salvage procedure to avoid above-knee amputation after an invasive Aspergillus infection developed after her initial tumor resection. All tumors were Stage IIB [10] at the time of initial evaluation. At the time of surgery, three patients had evidence of metastatic disease. Four patients died, all secondary to their sarcomas, at an average of 46 months (range, 28-72 months) after their surgery. No living patient was lost to followup. The 15 patients were seen at a minimum followup of 28 months (mean, 95 months; range, 28-165 months).
Preoperative evaluation consisted of a history and physical examination, routine hematologic studies, routine radiographs and MRI of the involved extremity, and computerized axial tomography of the chest. Vascular studies included a limited arteriogram and a duplex scan of the deep and superficial venous systems. These studies were used to assess the extent of the tumor involvement and to plan the surgical procedure and vascular reconstruction. A biopsy-proven diagnosis was established in all patients preoperatively. We reviewed all radiographic data with a musculoskeletal radiologist (CWW), a vascular surgeon (BTB), and an orthopaedic oncologist (JRN).
All patients with osteosarcoma had completed a minimum of three courses of neoadjuvant chemotherapy before the anticipated surgical procedure. Patients typically completed chemotherapy 2 to 4 weeks before surgery. Hematologic parameters were followed closely by the pediatric oncology team and were normal at the time of surgery.
Patients with tumors showing maintenance of an otherwise normal fat plane between the sciatic nerve and the vessels were judged candidates to maintain continuity of the vessels. Patients having deviation of the vessels but maintenance of a normal fat plane also were presumed candidates to maintain vascular continuity. Patients with tumors showing the absence of a normal circumferential fat plane or encasement were considered candidates for vascular resection in continuity with the resection specimen to provide a minimum of a wide margin [10] . In all cases, the sciatic or tibial and peroneal nerves had to be uninvolved for a patient to remain a candidate for rotationplasty. The surgical approach was based on the approach described by Winkelmann [35] for Types A1 and A2 rotationplasties. The initial portion of the operation concerned the development of appropriate flaps and planes of dissection to adequately expose the peroneal nerve and sciatic nerve ( Fig. 1 ). When appropriate, the vessels were mobilized, preserving the normal fat plane and keeping them isolated from the tumor. When vascular involvement was anticipated, the plane of dissection remained outside the vessels, thereby maintaining a wide margin of resection (Fig. 2 ). The average time to complete the surgery was 10.0 hours in Group A and 8.1 hours in Group B. During the case and postoperatively, a pulse oximeter was placed on the great toe and monitored closely ( Fig. 3 ). Dextran (0.25 mL/kg/ hour) was started at the end of the procedure and continued for 2 days to prevent thrombus of the venous anastomosis. To minimize swelling that can result from venous hypertension, the extremity was carefully dressed with a circumferential dressing, keeping the toes exposed for monitoring, and it was continuously elevated. Aspirin, 70 mg once daily, was initiated after the dextran was discontinued and continued until discharge from the hospital for 6 months.
Chemotherapy typically was resumed 2 to 4 weeks postoperatively when hematologic parameters had returned to normal. All patients had been familiarized with the expected cosmetic and functional outcome either by personal interaction with other patients or using videotapes of interviews with other patients.
Patients were seen in followup by the operating surgeon (JRN) at 2 weeks and then monthly for 3 months. Followup was more frequent for patients with wound complications. An ABI was obtained when the wounds were healed. Patients typically were seen every 3 months for the first year, every 4 months for the second and third years, every 6 months for the fourth and fifth years, and on a yearly basis thereafter. Routine radiographs of the involved extremity were obtained at each followup to evaluate the osteotomy site. Metastatic surveillance included a computed tomographic scan of the chest at each followup and an annual radionuclide bone scan.
The differences in the ABI between the two groups were determined using Student's t test with the level of significance set at p \ 0.05. Survival was determined by calculating the percent of patients living at 5 years followup.
Results
Four patients died, all secondary to their sarcomas, at an average of 46 months after their surgery. Three deceased patients were in Group A and one was in Group B. Two of these patients were known to have systemic disease before their operation. Of the remaining patients, 10 have no evidence of residual neoplastic disease. One patient has evidence of metastatic disease 39 months after surgery. There have been no local recurrences. The average 5-year survival rate for the entire cohort was 81%. The 5-year survival rate for Group A was 71%, and the 5-year survival rate for Group B was 89%.
The mean ABIs for both groups for the posterior tibial and dorsalis pedis arteries were similar preoperatively and just over 2 months postoperatively ( Table 1) . The most recent ABIs for Group A at an average of 23 months postoperatively and Group B at an average of nearly 8 months also were similar ( Table 2 ). The mean change from the preoperative to postoperative ABIs for both arteries in both groups was similar (Table 3) , as was mean change from preoperative to final values (Table 4 ). Fig. 1 The initial portion of the operation concerns dissection and mobilization of the sciatic nerve. The nerve is localized by isolating the common peroneal nerve and dissecting proximally. Duplex scanning was performed in two of the patients who had reconstruction during their routine followup. Notably, there was no evidence of intimal hyperplasia of the anastomosis.
There were 12 complications (five in Group A and seven in Group B) requiring an additional 36 operations (18 in both groups) in eight patients. Nineteen of the operations were performed on two patients. One patient in Group B experienced vascular insufficiency after discharge from the hospital. On return for the first postoperative visit, examination in the clinic revealed a largely necrotic, nonunited limb. Further inspection in the operating room confirmed the findings and the decision was made to amputate. Two patients, one from each group, required vascular exploration within 24 hours of the operation secondary to venous congestion in the first and arterial thrombosis in the second. Both of these patients eventually required split-thickness skin grafting for necrotic areas around their respective wounds. Two of the patients in Group A had infections requiring irrigation and débridement. One patient initially was treated for synovial sarcoma with soft tissue resection and a medial gastrocnemius flap. Postoperatively, the wound became infected with Aspergillus, and despite numerous débridements, it remained infected. The limb was salvaged with a rotationplasty. The second patient had a postoperative infection and twice underwent irrigation and débridement to aid wound healing. This patient ultimately required hardware removal to achieve wound healing. The remaining additional operations were for soft tissue coverage secondary to wound-healing complications. These were equally divided between the two groups.
Discussion
Two methods are available for management of the vascular structures during a rotationplasty. These involve transection and reanastomosis of the vessels or retaining and rotating the vessels with the leg. It is not clear if one method results in superior outcomes. We asked whether the two methods of vascular management differ regarding ABI and rate of complications.
Two limitations of this study include the retrospective nature and the small sample size. A retrospective study design cannot be randomized and can be subject to bias. With a small variable cohort, one should exercise caution when generalizing the results.
The ABI is a well-described tool to indirectly measure the adequacy of arterial circulation of the lower extremity [24] . We used the ABI to evaluate the health of the vascular system with two methods of vascular management. Although the mean preoperative to postoperative changes in ABI were similar in Group A, there was a trend toward a lower ABI in the postoperative period, which partially recovered with time. This likely was attributable to a considerable decline in the ABI of two patients during the early postoperative period. We cannot be certain of the reasons for these findings, but we presume they were related to swelling around the anastomosis. Only one patient with a noticeable change in the ABI had a complication. All other complications were in patients with normal ABIs. A review of the literature finds other reports of this method of vascular management. Sidiropoulos et al. [31] reported finding no vascular complications in a series of 34 patients managed with vascular resection and reanastomosis. They recommend this method of vascular management because of the improved resection margins, surgical time, and low rate of complications. We found no difference in complication rate between the two methods but did find the vascular reconstruction took slightly more time to perform. Duplex ultrasound was performed in two patients to evaluate the anastomosis for intimal hyperplasia after a substantial interval decrease in the ABI. Surprisingly, we did not observe a single case of hyperplasia. We postulate the perioperative chemotherapy may have inhibited the cellular proliferation required for hyperplasia. This hypothesis is supported by the experience of using drugeluting stents to prevent restenosis after percutaneous intervention for coronary artery disease [7, 26, 30] .
We did experience some wound-healing problems at the site of the rotation. The rate and type of complications we found were similar to those described in other reports of limb-sparing surgery [12, 14] . It could be theorized the wound complications were secondary to a decrease in the peripheral blood flow to the skin resulting from our vascular ligation and reanastomosis; however, patients had wound-healing problems in the group without shunting procedures as well. Furthermore, the problems encountered occurred in earlier cases, indicating a possible learning curve associated with the procedure, an idea both senior authors (BTB, JRN) support.
Several authors have reported using rotationplasty as a successful treatment option for a failed limb salvage procedure, albeit with higher complication rates than primary rotationplasty [5, 15] . The only patient in our cohort who did not have osteosarcoma underwent rotationplasty after failure of the primary resection for synovial sarcoma. After the rotationplasty, the patient had no additional complications.
There are some drawbacks to the rotationplasty. There is a long and intensive period of physical therapy that should be completed to ensure the limb is functional. This requires commitment from not only the patient but also the patient's family because nearly all of these patients are juveniles. Much has been written about the self-image of these patients after they have their surgeries [25] . It is no doubt hard to undergo major surgery for an illness, especially a serious illness like cancer, only to have the residual be an extremity that is deformed and initially not functional ( Fig. 4 ). However, published reports suggest patients are well adjusted (in terms of SF-36 mental health scores) to the final outcome [1, 16] . One concern more recently has been the long postoperative hospital stay compared with amputation. In the age of managed care, prolonged hospital stays may become harder to justify; however, it is our opinion that a patient's well-being should never be compromised secondary to cost. Finally, the surgeon must consider, if the rotationplasty fails, the patient will be left with a considerably shorter residual limb than if transfemoral amputation had been the primary procedure.
Reconstruction with an expandable endoprosthesis could be considered an alternative option for many of these patients. Patients with intraarticular extension of the tumor and those with failed resection of a synovial sarcoma were not candidates for an expandable prosthesis. In addition, numerous orthopaedic oncologists, including the senior author (JRN), have expressed concern regarding the reported long-term durability and revision rates of the expandable prosthetic reconstructions [8, 28, 29] .
We evaluated two methods of vascular management with the Van Nes rotationplasty and were unable to show a difference in the ABI or rate of complications between the two methods of vascular management. From this, we conclude resection of the vessels with reanastomosis is a surgically sound alternative to coiling of the vessels when the tumor dictates en bloc vascular resection.
